Supplemental Experimental Procedures
Cell culture CD19+ BurkiC lymphoma cell line Raji (a giH from Gianpietro DoJ) was modified to express GFP+ by stable retroviral transduc/on and sorted to obtain pure GFP+ cells. A pre-B-ALL cell line NALM-6 expressing GFP and Firefly Luciferase (NALM6-FFluc) was a giH from Stephen GoCschalk. Both cell lines were expanded and maintained in CTL medium (45% RPMI-1640, 45% Click's medium, 10% fetal bovine serum supplemented with 1% penicillin/streptomycin and 1% L-Glutamine), were STR fingerprinted and rou/nely checked for mycoplasma contamina/on. Buffy coats were purified using Ficoll and ac/vated with plate-bound OKT3 and an/-CD28 an/bodies (BD Biosciences) for 48 hours, aHer which cells were removed from the an/body-coated plate and used for retro-or len/viral transduc/on. T cells were expanded in CTL medium supplemented with 10ng/ml IL-7 and 10ng/ml IL-15, and the media was replenished every 48-72 hours.
Genera:on of gammaretroviral and len:viral vectors and T cell transduc:on Retroviral transduc/on was performed as previously described (Mamonkin et al., 2015) . Briefly, 293T cells were co-transfected with CAR-encoding retroviral plasmid SFG, and packaging plasmids RD114 and pEQ-PAM3. Retroviral supernatant was collected 48h and 72h later, filtered with 0.45uM filters and frozen. Len/viral vectors were generated by co-transfec/ng 293T cells with CAR-encoding REL plasmids and packaging plasmids pMD2.G and psPAX2 (both giHs from Didier Trono, Addgene plasmids #12259 and #12260, respec/vely) in the presence of 4mM of sodium butyrate (SigmaAldrich) and 4mM of caffeine (Sigma-Aldrich). Viral supernatants were collected 24h and 48h aHer transfec/on, filtered and concentrated with PEG-it™ Virus Precipita/on Solu/on (System Biosciences) at +4°C overnight.
Retro-and len/viral supernatants were pre-adsorbed on a 24-well non-/ssue culture treated plate (Falcon) coated with Retronec/n (Takara) by centrifuga/on at 4600g +32°C for 1h. Excess viral supernatant was aspirated and ac/vated T cells were added to the plate at 250,000 cells/well followed by a brief centrifuga/on at 1000g for 10min. Transduced T cells were transferred to a /ssue culture plate 24h later and expanded in CTL media as described above. For most experiments, T cells were transduced once.
Flow cytometry
Mouse an/-human an/bodies to CD3 (UCHT1), CD4 (SK3), CD8 (SK1), CD45RA (2H4), and Fas (UB2) (all Beckman Coulter), CCR7 (150503, BD Biosciences), FasL (NOK-1) and ICAM-1 (HA-58, BioLegend) and TRAIL (RIK-2, eBioscience) were used to evaluate T cell phenotype. Cell death was assessed by Annexin V staining (BD Biosciences). Ac/va/on of caspase 8 was measured with Vybrant FAM Caspase-8 Assay kit (Thermo Fisher). CARs were detected using an/-idiotype an/bodies 136.20.1 (CD19 CAR) (Jena et al., 2013) , 1A7 (GD2 CAR) (Sen et al., 1998) or goat an/-mouse Fab-specific polyclonal an/bodies (Jackson Immunoresearch). Samples were acquired on BD Gallios and analyzed with FlowJo v.9.
Cytotoxicity assays CD19 CAR T cells we co-cultured with Raji-GFP cells at a 1:4 effector-to-target ra/o in a flat-boCom 96-well plate for 72h followed by FACS analysis in the presence of 7-AAD and CountBright coun/ng beads (ThermoFisher).
Western blot analysis
Cells were dissociated with PBS + 3 mM EDTA and lysed in a buffer containing 50 mM Tris, 150 mM NaCl, 5 mM EDTA, 1% Triton X-100 (all from Sigma-Aldrich), and protease inhibitors (Thermo Scien/fic). Protein concentra/ons were determined using a Bio-Rad protein assay (BioRad) with BSA as the standard. Samples were denatured in Laemmli buffer containing 5% of 2-Mercaptoethanol (all from BioRad) at 95°C for 10 minutes. Cell lysate (10 μg per lane) was run on a pre-made 10% SDS polyacrylamide gel (BioRad) and transferred to nitrocellulose membranes (BioRad). Membranes were blocked with 5% BSA or milk powder in Tris-buffered saline (TBS) + 0.1% Tween-20 (all from Sigma) and then probed with primary an/bodies followed by a horseradish peroxidase (HRP) conjugated secondary an/bodies. Blots were developed using SuperSignal West Dura Extended Dura/on Substrate (Thermo Scien/fic) and exposed to GeneMate Blue Basic Autoradiography Film (BioExpress). ImageJ (Na/onal Ins/tutes of Health) was used for Western blot quan/fica/on. Protein levels were normalized to loading controls (GAPDH).
An/bodies used in the study are as follows: an/-CD3.ζ (sc-1239, Santa Cruz Biotechnology), an/-CD247 (pY142) (558402, BDPharmigen), GAPDH (sc-47724, Santa Cruz Biotechnology) an/-IKKa/b (pS176/pS180) (16A6, Cell Signaling Technologies), an/-IKKa (3G12, Cell Signaling Technologies). Secondary an/bodies: goat an/-mouse (sc-2005, Santa Cruz Biotechnology), goat an/-rabbit (111-035-003, Jackson ImmunoResearch Laboratories). For Western bloJng, all an/bodies were diluted 1:1000, except for secondary an/bodies, which were diluted 1:10,000.
Real-Time PCR analysis CD19 CAR T cells from 3 donors were pelleted 7d post-transduc/on. Genomic DNA was isolated using the DNeasy Blood & Tissue kit (QIAGEN). RNA was purified with the RNeasy Plus Mini kit (QIAgen) and cDNA was built using the Superscript III RT kit (ThermoFisher). Quan/ta/ve PCR was performed using Good Laboratory Prac/ce (GLP)-validated TaqMAN primers specific for the cytoplasmic tails of 4-1BB.zeta and CD28.zeta CARs and GAPDH (Applied Biosystems) on the 7900HT Fast Real-Time PCR System (Applied Biosystems). Absolute numbers of copies were calculated using standard dilu/on controls containing target sequences in plasmid DNA according to GLP standards. Rela/ve CD19 CAR mRNA levels were calculated by the Δ(ΔC 0 t) method and normalized to the number of proviral copies per 100ng of genomic DNA.
Fluorescent microscopy analysis
For confocal microscopy, BB.z and 28.z CD19 CAR-Emerald T cells were incubated on silane coated glass slides for 10 minutes at 37°C. Cells were then permeabilized and fixed with BD Perm/Fix (BD Biosciences) solu/on for fiHeen minutes at room temperature and stained for an/-Fas (mouse) and an/-FasL (rabbit) primary an/bodies. An/-mouse Alexa Fluor 568 and An/-rabbit Alex Fluor 647 secondary an/bodies (Life Technologies) were subsequently used to detect Fas and FasL. Cells were imaged as Z stacks of 0.2 μm thickness to cover their en/re volume on a Leica TCS SP8 laser scanning microscope using a 100X objec/ve. Images were acquired with the LASAF soHware (Leica) and analyzed with Volocity soHware (PerkinElmer) and Fiji. A region of interest (ROI) was drawn on cell surface or around the whole cell for measurement of amount of Fas and FasL.
Study approval
All animal experiments were conducted in compliance with the Baylor College of Medicine IACUC (Protocol# AN-4758). Primary human PBMC were isolated from healthy donors aHer informed consent using the protocol approved by the Baylor College of Medicine Ins/tu/onal Review Board and in accordance with the Declara/on of Helsinki.
